The high pressure vapor-liquid equilibria for four binary systems (CO2-n-pentane, CO2isoprene, CO2-1-pentene and CO2-2-pentene) were measured at 310 and 343K by using a static type of apparatus. The consistency test using equilibrium ratio was applied to the experimental data for all systems, and the reliability of the apparatus and data was confirmed. The experimental data were compared with the values correlated by the Peng-Robinson equation of state and the Soave-Redlich-Kwong equation of state. The calculated results for two equations of state were in good agreement with the experimental data excepting those near the critical region.
Introduction
The development of enhanced oil recovery by CO2 miscible flooding, selective separation of specific constituents from coal tar, and synthetic fuels processing need the high pressure vapor-liquid equilibrium(VLE) data of CO2-hydrocarbon systems. High pressure VLE for many systems have been measured by using various methods, such as static method, circulating method, flow method and so on. However, there are only a few data available on the mixtures containing CO2 and hydrocarbons heavier than butane. With respect to the CO2-C5hydrocarbon systems, only systems with n-pentane 1),2) and isopentane3) were measured. There are no data for the other systems.
In the present work, a static type of VLE apparatus was constructed and used to measure the four binary systems: CO2-n-pentane, CO2-isoprene, CO2-1-pentene and CO2-2-pentene. The check on reliability of the experimental apparatus and data was made by two methods as follows: [1] a comparison between the experimental data and literatures for CO2-n-pentane systems, and [2] a consistency test5) using equilibrium ratio for all systems. Furthermore, the applicability of the Peng-Robinson equation of state6) (P-R equation) and the Soave-Redlich-Kwong equation of state7) (S-R-K equation) was examined.
Experimental
Apparatus and Procedure A schematic diagram of the apparatus for VLE measurement is shown in Fig. 1 . It consists of four sections: [1] equilibrium cell, [2] sampling device, [3] sample analyzing system, and [4] temperature and pressure measurement device.
The equilibrium cell(1), 55mm in internal diameter and 40mm in thickness, was made of 316 stainless steel. Its internal volume was about 500cm3. The cell was designed for a maximum working pressure of 30 MPa and maximum working temperature of 480K. On both sides of the cell, 40mm thick glass windows were placed to observe the behavior of the interface between the vapor and liquid phases and mixing condition. An agitator(4), rotated by an external permanent magnet, was used for mixing the content of the cell. The cell was placed in an air bath(9) controlled by an electric heater within an accuracy of 0.1K.
The samplings for the vapor phase were made using a 1mm-diameter capillary tube which was equipped with two valves 5 and 5', and for the liquid phase using a 5mm-diameter stainless steel rod(6) which had a small hole for withdrawing the sample (the detail of the liquid-sampling device and procedure was reported in the literature by Nagahama et al.4) ). The approximate sampling volumes were 0.7cm3 for the vapor phase and 0.005cm3 for the liquid phase, respectively. All sampling tubings outside the air bath were heated by electric tape heaters(10) and their temperatures were about 5K higher than the cell temperature to avoid the problem of partial condensation or lack of compositional homogeneity.
The composition of the sample was analyzed by use of a Shimadzu gas chromatograph Model GC-4A with a Shimadzu integrator Model C-RlB.
Q was used with helium carrier gas at 423.2K. The gas chromatograph was calibrated by injecting various volumes of pure component and analyzed in the range where the peak area was linear with the sample volume. The accuracy of analysis was approximately within 0.005mole fraction.
The cell temperature was measured within accuracy of 0.1K by using a calibrated platinum resistance thermometer(2) inserted into the cell wall. The pressure was measured by use of a Bourdon tube pressure gauge made by Nagano Keiki Co., Ltd., which was calibrated against a dead weight gauge. The accuracy of pressure measurement was within 7 kPa. The experimental procedure is described below. The equilibrium cell was evacuated by a vacuum pump, and CO2 and hydrocarbon were introduced into the cell by using the charging pumps (12). After the cell temperature was maintained at a given level for at least 5 hours in the constant temperature air bath, the sampling of the vapor and liquid phases was initiated. Firstly, the agitator was stopped for a short period to separate both phases completely. The vapor phase was introduced into the evacuated line between the valves 5 and 5' and circulated by the high-pressure circulating pump(11) to ensure uniform composition of the sample. After that, a part of the sample was analyzed by the gas chromatograph. On the other hand, the liquid phase was trapped in the hole on the sampling rod and released directly into the carrier gas stream for analysis.
CO2 gas used in the experiment was supplied by Tomoe Shokai Co., and its purity was more than 99.9%. The n-pentane, isoprene, 1-pentene and 2-pentene were supplied by Nakarai Chemicals Co., and the minimum stated purities were 99 mole%. However 2-pentene consisted of 29mole% cis-and 71mole% trans-types, and isoprene contained 0.004mole% of p-tert-butylcatechol as polymerization inhibitor. The addition thereof depressed the polymerization of isoprene during experiment. The CO2 and C5-hydrocarbons were used without further purification.
3.
Results and Discussion
Experimental Results
The isothermal VLE data were obtained for four The values of y2 were 1-pentene>isoprene> n-pentane=2-pentene at the same temperature and liquid-phase composition, and its order was the same as that of the vapor pressures of C5-hydro- where ai and bi are the parameters of pure component i and they were calculated by using the critical properties and acentric factors8). The kij is the binary interaction parameter between components i and j, and the value for each equation of state was determined by minimizing the difference of the compositions between the experimental and calculated results with respect to the total number of data points. The optimized values of kij are listed in Table 5 and the correlated VLE employing these values are shown graphically in 
